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Abstract: 
This paper presents a preliminary use of satellite imagery from the CORONA program in the reconstruction of the 
archaeological landscape of two different sites: Ancient Termez (southern border of Uzbekistan) and Khatm Al Melaha 
(eastern coast of United Arab Emirates in Kalba area). This analysis constitutes the first step of the work carried out in the 
field since 2018 at both sites for an analysis of the syntactic interoperability of multi-scale geospatial data for archaeological 
heritage. The aim of this work was to establish an approach for the use of CORONA satellite imagery for archaeological 
DEM reconstruction. The objectives of the reconstruction were conditioned for different reasons: in the case of Termez 
prior to the anthropic transformation of the site in the Soviet - Afghan War and in the case of Khatm Al Melaha prior to the 
urban, coastal and road transformation. The results have provided uneven data due to the characteristics of the existing 
imagery: mission, resolution, overlap, orography and different ground control point distribution. This methodology opens a 
door to the reconstruction of archaeological landscapes that have suffered evident deterioration for different reasons by 
means of historical aerial imagery in the last 60 years, practically, in some cases, as a primary and unique source for 
analysing this type of change from the past. 
Key words: CORONA satellite program, archaeological landscape, Termez (Uzbekistan), Khatm Al Melaha (United Arab 
Emirates), multi-scale geospatial data, historical aerial photography 
Resumen:  
Este artículo presenta un uso preliminar de imágenes satelitales del programa CORONA en la reconstrucción del paisaje 
arqueológico de dos yacimientos diferentes: la Antigua Termez (frontera Sur de Uzbekistán) y Khatm Al Melaha (costa 
Este de los Emiratos Árabes Unidos en la zona de Kalba). Este análisis constituye el primer paso del trabajo realizado en 
campo desde 2018 en ambos yacimientos para un análisis de la interoperatividad sintáctica de datos geoespaciales multi-
escala para el patrimonio arqueológico. El objetivo de este trabajo ha sido establecer una aproximación sobre el uso de 
imágenes de satélite CORONA para la reconstrucción arqueológica del MDE. Los objetivos de la reconstrucción estuvieron 
condicionados por diferentes motivos, en el caso de Termez, previo a la transformación antrópica del yacimiento, por la 
guerra soviético-afgana y, en el caso de Khatm Al Melaha, previo a la transformación urbana, costera y red de carreteras. 
Los resultados han proporcionado datos desiguales debido a las características de las imágenes existentes: misión, 
resolución, solape, orografía y diferente distribución de puntos de control terrestres. Esta metodología abre la puerta a la 
reconstrucción de paisajes arqueológicos que han sufrido un deterioro evidente por diferentes motivos mediante imágenes 
aéreas históricas en los últimos 60 años, donde prácticamente en algunos casos, constituye una fuente primaria y única 
para analizar este tipo de cambios del pasado. 
Palabras clave: programa satelital CORONA, paisaje arqueológico, Termez (Uzbekistán), Khatm Al Melaha (Emiratos 
Árabes Unidos), datos geoespaciales multiescala, fotografía aérea histórica 
 
1. Introduction 
The use of aerial and terrestrial photogrammetric 
techniques for the reconstruction of different types of 
archaeological multi-scale is extremely useful. In the last 
ten years, the use and combination of 3D laser scanner 
data with photogrammetric techniques of automatic 
image correlation have been unified for the reconstruction 
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of Digital Cultural Heritage (DCH). Although it is true that 
there are different types of application scales, scanners 
have often not been applied either due to excessive cost 
or due to different types of magnitudes. Photogrammetric 
techniques applied to archaeology have been in 
development for the last 150 years (Stolze 1882) and their 
use is very varied, from microphotogrammetric 
techniques to the use of aerial imagery with different types 
of aircraft or satellite images for archaeological research, 
including landscape reconstruction (Sevara et al. 2018). 
If we must trace a beginning in the use of satellite 
imagery, the CORONA program from the 1960s provides 
information of great utility for the archaeological scientific 
community. The advantages of this program are its 
resolution of up to 1.8 meters, worldwide coverage and 
accessibility by means of National Archives and Records 
Administration (NARA). In this sense, the use of this 
program provides a very useful document to visualize the 
degree of deterioration that an archaeological site has 
suffered (Ur 2003; Altmaier and Kany 2002; Goossens et 
al. 2006). It is even more useful above all in those 
territories that have undergone a significant change in the 
last 60 years due to armed conflicts, changes in 
agriculture land use, urban sprawl, desertification, etc. 
This preliminary study has used field data from the last 
five years for the reconstruction of two sites with different 
geospatial strategies that have undergone very significant 
changes in the archaeology of the landscape as 
presented in Figure 1 (Angás et al. 2019a; 2019b). In 
order to fill this gap in both sites, CORONA satellite 
imagery was processed, analysed and compared to 
historical and archaeological data. Although this paper 
will only focus on the historical landscape analysis part, 
its use relates to a multi-scale documentation strategy 
with the utilization of other types of documentation 
techniques. 
The first site in this study is Ancient Termez (Uzbekistan). 
It is an important historical city on the Silk Road, located 
in the ancient Bactria region, that was founded after the 
campaigns of Alexander the Great in the late 4th century 
BC Yuezhi (Martínez et al. 2014; Gurt et al. 2015). This 
research requires macro-spatial approaches to accurately 
record all the archaeological structures and to evaluate 
the integration and evolution of the pottery workshops into 
the general topography of the city. As an alternative, the 
use of drones to reconstruct this area, previous to the 
Soviet-Afghan War, is not possible due to the location of 
the archaeological site close to the border area between 
Uzbekistan and Afghanistan (Fig. 2). 
 
(a)                                                                                          (b) 
Figure 1: Geospatial multi-scale strategy documentation and the techniques used in each archaeological site: a) Termez; b) Khatm al 
Melaha. The CORONA satellite program is related to the last step and its relationship with the knowledge of the archaeological 
landscape. 
 
Figure 2: Location of the archaeological sites studied in this 
work: Termez (Uzbekistan) and Khatm Al Melaha (UAE). 
The second example, Khatm Al Melaha (Emirate of 
Sharjah, United Arab Emirates) is an archaeological site 
close to the southwest border with the Sultanate of Oman 
along the Gulf of Oman in Kalba area with a high 
concentration of open-air rock art engravings. More than 
370 rock art engraved motifs, from different chronological 
phases, were documented on 149 stone blocks with 
different dimensions and morphologies, distributed along 
the slope of an isolated 58-metre-high elevation (Fig. 2). 
2. CORONA satellite program 
Despite finding powerful geospatial analysis at scale in 
archaeology, such as Picterra, the first aerial 
documentary sources with the greatest global coverage 
are still used as references today, such as the CORONA 
satellite program. It is a highly useful source of information 
due to its high resolution, overlap and worldwide coverage 
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in the study of archaeological landscapes of up to 60 
years ago. This program replaced the U2 spy planes, 
which had a much more limited coverage and were also 
used for historical aerial photography for archaeological 
purposes (Hammer and Ur 2019). Although President 
Eisenhower approved the CORONA satellite program in 
February 1958, the beginning of its use was from the 
incident on 1 May 1960 when U2 spy plane was shot 
down by the Soviet Air Defence Force. From this moment 
CORONA was developed until 1972 with different 
missions and different resolutions. The stereoscopic 
images of this program allow the partial reconstruction of 
archaeological landscapes which in some cases have 
been lost. 
On May 24, 1995, the Central Intelligence Agency and 
National Air & Space Museum began the declassification 
of over 800,000 images taken under the CORONA 
satellite reconnaissance program by the United States in 
the 60s and 70s during the Cold War from the CORONA 
programs (KH-1 through KH-3 -CORONA-, KH-4, 4a, 4b 
-MURAL-, KH-5 -ARGON-, KH-6 -LANYARD-). The 
importance of the CORONA program is key in satellite 
history since it involved a number of precedents - the first 
photo-reconnaissance satellite in the world, the first mid-
air recovery of a vehicle returning from space, the first 
mapping of Earth from space, the first stereo-optical data 
from space, the first multiple reentry vehicles from space, 
the first reconnaissance program to fly a hundred 
missions and the first reconnaissance satellite program to 
be declassified. The declassification process provided 
material which was potentially valuable for territorial 
analysis and interest element detection thanks to the 
spatial resolution obtained from the continuous satellite 
improvement. However, the declassification process did 
not include additional information related to the cameras 
used nor to the satellite position at the image capture 
time. Because of that, using these images in a 
photogrammetrically or a visual analysis based on its 
digital treatment context is very difficult. Nevertheless, 
CORONA imagery is one of the best alternatives for 
images and cartographic resources lacking in places 
where it has not been developed for different reasons. 
The CORONA program was declassified in three different 
periods (1996, 2002, 2013) with some exceptions: 
 Declass 1 (1996) = Corona, Lanyard, & Argon 
Missions - KH1 thru KH6: 1960 – 1972. 
 Declass 2 (2002) = KH-7 and KH-9 Global 
Camera Photos: 1963 – 1980. 
 Declass 3 (2013) = USGS Subset of Hexagon 
Missions - KH-9: 1971 – 1984. 
The imagery provided by the CORONA program has been 
widely used in recent years in different fields such us 
urban sprawl, disaster risk (Fekete 2020), 
geomorphology, land-use, coastline and forest cover 
change, DEM reconstruction (Galiatsatos 2004; 
Galiatsatos et al. 2008; Schmidt et al. 2001) and cultural 
heritage (Watanabe et al. 2017). Although on many 
occasions it is not sufficiently clear what the data 





The fieldwork activities represent the fundamental part 
both in the acquisition of multi-scale data and in the 
subsequent verification of the results. 
Each archaeological site has undergone different 
treatment and the documentation has been adapted to 
these idiosyncrasies. 
The coordinate systems used are the following: 
 Termez = EPSG: 3857 WGS84. 
 Khatm al Melaha = EPSG 32640 UTM zone 40N 
EPSG:32640. 
The common elements between fieldwork activities and 
images have been to take current benchmarks that have 
lasted for at least 50 years on the ground. These can be 
synthesised in old constructions, irrigation channels and 
any easily identifiable singular elements on the ground 
that have lasted until today. 
Following the above indications, different types of Ground 
Control Points (GCPs) have been taken with a GNSS 
combination between Leica GNSS1200 static mode and 
Leica Zeno GG04, with a precise global positioning 
system: Precise Point Positioning (PPP) with Spot Prime 
subscription service, which provides great versatility with 
an approximate error of 15 centimeters and a 
convergence time of 20 minutes. The great advantage of 
this system is that it provides us with real-time high 
accuracy positioning in regions without an Internet 
connection, reference network or a local reference station 
as presented in Figure 3. 
 
Figure 3: Precise Point Positioning Infraestructure used in 
GCPs strategy. 
However, this system has some limitations in the Spot 
service. The Precise Point Positioning satellites are geo-
stationary and therefore it is possible to acquire at least 
one satellite almost anywhere in the world. Nevertheless, 
obstructions may occur that prevent a correct calculation 
or the complete loss of satellite signal for which it is 
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4. Methodology 
Once the Ground Contol Points have been obtained either 
by surveying PPP techniques or by means of a selection 
strategy of those common elements between the 
CORONA imagery and their current presentation, the 
corresponding images have been downloaded and 
classified (Fig. 4). 
 
Figure 4: Example of classification of declassified CORONA 
images that have been used for the Termez site. 
Data can be accessed from the USGS EROS Archive 
through the National Archive Records and Administration 
(NARA) (Table 1). Each zone corresponds to different 
missions, film acquisition periods and ground resolution 
(Figs. 4 and 5). 
 
Figure 5: Stereoscopic imagery used in Ancient Termez: 
DS1012-1039DA163 and DS1012-1039DF157 (above) and 
their footprints (green and orange) on the ground (below) 
(USGS-EarthExplorer). 
Once the different images had been downloaded, the 
specific area was cut for processing in the Agisoft 
Metashape software following the classic workflow: 
1. Alignment of photos.  
2. GCP identification. 
3. Construction of dense point cloud. 
4. Construction of digital elevation model. 
5. Exporting of results in the coordinate system 
selected. 
The use of this software for archaeological purposes has 
already been used with CORONA imagery (Watanabe et 
al. 2017).  In both cases the mean of ground control points 
used were 50. 
Table 1: Table example of the initial exterior orientation 
parameters of the images. 
Image DS1012-1039DA163 DS1012-1039DF157 
X0 7.477.170 m 7.489.300 m 
Y0 4.485.140 m 4.490.290 m 
Z0 185.000 m 185.000 m 
Yaw 244º 244º 
Pitch -16, 375º -16, 375º 
Roll 0º 0º 
5. Results 
The reconstruction of the Ancient Termez site could not 
be completed due to the failure in obtaining an old DEM 
from the CORONA imagery at our disposal (Bellido 2018). 
However, we were able to reconstruct the current site 
thanks to the DEM generated from the interpolation of 
points with altitudinal data extracted from the level curves 
in the relief map of the site in Ancient Termez (Pidaev 
2001; Leriche 2001). Finally, the orthoimage obtained 
could be projected onto the mesh by unwrapping the UV 
coordinates with the Blender software. The mapping of 
this type of coordinates consists of unwrapping the mesh 





Figure 6: Comparaison between images: a) CORONA results 
processed with Metashape software and some GCPs; b) web 
mapping with different layers to draw hypothetical buried 
archaeological structures. 
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As to the archaeological interpretation, the 
photointerpretation has been carried out based mainly on 
the final orthophoto, which has also been georeferenced 
and tiled for the Leaflet library. In terms of the visual 
improvement in order to identify the archaeological 
remains, the best results were obtained with the Simple 
Local Relief Model. This algorithm is based on eliminating 
the most notable morphological elements to reveal the 
smallest scale record (Kokalj and Hesse 2017). 
In contrast, the processing of the Kalba area has been 
able to calculate the DEM with practically the same 
number of GCPs and the same resolution of the images 
as the previous site (Fig. 6). The difference between the 
two large groups of images are the orographic differences 
in the two sites that produce a better contrast. In the case 
of Kalba, the final Z error has been higher due to the 
height difference between the coastal zone and the 
mountain range, with an approximate slope difference of 
500 meters (Table 2). 

















3.35 3.62  4.53 2.14 
Kalba area 2.84 3.13 8.49 2.49 
 
The reconstructed model in Figure 7 allows us to extract 
optimal routes from the interior to the coast and above all 
to compare those areas (currently transformed) where 
there is a confluence of ravines and concentrations of 
engravings are likely to be found.  
Finally, the results obtained have been uploaded to a new 
web platform that combines different types of information 
both in 2D through web mapping and in point clouds with 
different Potree-related libraries (Boutsi et al. 2019; 
Schütz 2016) to understand the geometry of each 
archaeological site. In the case of Termez, only the web 
mapping viewer has been incorporated with the 
orthophoto obtained in different layers, in order to be able 
to overlap the current satellite imagery together with the 
interpretive drawing of the archaeological structures 
buried (Fig. 6). 
6. Conclusions 
We have presented a preliminary workflow for the 
reconstruction of historical landscapes currently lost or 
modified. The findings have produced uneven results of 
which the use of this type of imagery cannot be 
generalised for all areas since this is dependent on the 
CORONA mission, number of images, overlaps, 
resolution and control points. 
Precise Point Positioning GNSS method is valid but only 
in capturing a limited number of points for the re-
convergence timeout should the signal be lost. Its 
combination with static GNSS systems has been useful. 
Furthermore, this initial study demonstrates that the use 
of CORONA imagery represents a key source of 
information in archaeology since in many cases it is 
virtually the only one available for the reconstruction of the 
pre-war archaeological landscape or areas modified by 
urban growth. The use of drones would have provided 
useful updated information on the current state of the site 
but would not have allowed the reconstruction of the 
archaeological landscape fifty years ago. The period from 
the late 1960s to the early 1970s precedes agricultural 
mechanisation and urban development and thus many of 
the sites studied at that time were well-preserved. Above 
all, it allows for comparing ground anomalies to 
corroborate buried archaeological structures. However, 
the spatial resolution and spectral amplitude does not 
allow a detailed study of archaeological structures of 
small dimensions. 
 
Figure 7: Reconstructed digital elevation model of the Kalba 
area (UAE) with the GCPs used. 
In spite of the great potential of the CORONA imagery, 
the difficulties involved in correcting their geometry to 
obtain adjusted spatial information means that it has not 
been possible to complete the DEM reconstruction of 
Ancient Termez (Uzbekistan). Likewise, the lack of relief 
in the area together with the quality of the imagery used 
have not contributed to the total reconstruction. This 
difficulty derives from a lack of auxiliary information which 
was excluded from the declassification process of 1995.  
The methodology applied here includes a series of 
auxiliary requirements in order to address this 
shortcoming in the case study. 
In the second archaeological area located in Kalba (UAE), 
the application results have been satisfactory. In this 
sense, it has allowed us to reconstruct a digital elevation 
model for later comparison with the current model and 
verification of ravine crossings. Experience in this area 
shows us concentration of rock art engravings in this type 
of archaeological landscape. 
However, in both archaeological sites, the data obtained 
will be verified on the field in future campaigns. 
As to the National Geospatial-Intelligence Agency (NGA) 
failing to include auxiliary data in the declassification 
process of the CORONA imagery, this is an issue that 
should be debated as this information would clearly help 
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the scientific community in the use of these images 
(Galiatsatos 2004; Goosens et al. 2006; Hamandawana 
et al. 2007; Wierzbicki et al. 2015). Firstly, information on 
these images and their use would grow exponentially 
especially in the field of remote sensing, where the 
processes associated with photogrammetry are not 
particularly advanced despite being closely related. 
However, the auxiliary information used throughout the 
CORONA program to identify common elements is not 
likely to be compatible with the new technological tools for 
a camera’s interior orientation and the exterior orientation 
of images in space. 
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